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TARDEC Vetronics Architecture - History &
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VTT System Architecture ﬁ
Design Process
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VTT System Architecture
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VTT System Architecture
Data Distribution Block Diagram
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Includes High Speed Data Bus (HSDB) and Test and Maintenance (T& M) Bus. |
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VTT System Architecture
Data Distribution Candidates

Candidate Standard Data Rate Study/Drop Justification
Linear Bus
1553 MIL-STD-1553 (1 Mbps Drop Too Slow
SAE 1773 SAEASL773 |20 Mbps Drop Too Slow
Coallison Sensing
Ethernet |EEE 802.3 10 Mbps Drop Too Sow, Non-Determinigtic
Fast Ethernet |EEE 802.3u 100 Mbps Drop Non-Deterministic
Gigabit Ethernet |EEE 802.3z 1 Gbps Drop Sill Evalving
Token Bus
|EEE Token Bus |EEE 802.4 10 Mbps Drop Too Slow
LTPB SAE ASA074 |50/100 Mbps Drop Fiber Implementations Only
Token Ring
|EEE Token Ring |EEE 802.5 4/16 Mbps Drop Too Sow (SAVA)
FDDI SO 9314 100 Mbps Sudy Determinigtic, Fault Tolerant
HSRB SAEAHAO75 1100 Mbps Drop No available products
VNet VSOVITA 21 |24 Mbps Drop Too Sow, Discontinued
New Technology
ATM ATM Forum 155 Mbps Sudy Determinidic
Fibre Channel ANSI X3 100/800 Mbps Sudy Determinigtic, Fault Tolerant




VTT System Architecture

Data Distribution

Characteristic FDDI ATM Fibre Chand
Standardization |SO 9314-x ATM Forum ANSI X3
Topology Ring Switched L ooped
Media Access Control Token Passing Switched Fabric Arbitrated Loop
Redundancy Features Dua Counter- Redundant switches |Dual Counter -

Rotating Rings rotating Loops

Bypass Switches Bypass Switches
Data Rate 100 Mbps 155 Mbps 100/800 Mbps
Signd Rate 125 Mbps 155 Mbps 125/1000 Mbps
Data Encoding 4B/5B NRZI NRZ 8B/10B
Message Overhead 224 bits Max 5 Bytes 288 bits Max
Data Packet Size 1 to 4500 Bytes 48 Bytes 0to 2112 Bytes
Error Checking 32-bit CRC 32-bit CRC 32-bit CRC
# of Nodes 500 Max Switch Dependent Loop, 127 ports
Addressing Modes Individual Individual Individual

Multicast Multicast Multicast

Broadcast Broadcast Broadcast
Supported Media Fiber/Copper Fiber/Copper Fiber/Copper
Price $8,550 $8,000 $4,500
Availability 24 Weeks 16 weeks 22 weeks (Jan 99)
Notes: Rejected Rejected Selected

Second Choice Third Choice M eets Requirements
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VTT System Architecture
PM & Distribution Block Diagram
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VTT System Architecture
Power Control Module

PCM Characteristics

PCM Option #1

PCM Option #2

PCM Option #3

Standardization

Mil-Std-461 & 1275

Mil-Std-461 & 1275

Mil-Std-461 & 1275

Load Control & Status Yes Yes Yes

Overload Protection Yes Yes Yes

Master Power Override Yes No No

Builtin Test (BIT) Yes Yes Yes

Switch Control Type Solid State Solid State Solid State

Input Voltage 28 VoltsDC 28 VoltsDC 28VoltsDC
Input Current 80 Amps 80 Amps 80 Amps
Grounding Separate Returns Separate Returns Separate Returns
Bond Yes Yes Yes

Number of Outputs 10 10 11

Output Load Range 5t0 25A 1to25A @ 210 25A @

Serial Interface Type EIA RS-485 @ Mil-Std-1553 Utility Bus/ RS-485"
Redundant Serial Bus Yes Yes Yes

Automatic Reset Yes No Yes

Cable Continuity Detection Yes Yes Yes

Unit Cost Est. $30K @ $10K $7,250

Ddivery 26 weeks 26 weeks 26 weeks

Notes.

Meets All Requirements
High Cost

@ (6) 5A, (1) 10A, (3) 25A
? Esitmated cost

%) One RS232 port

Meets All Requirements

D \Will require 1553 PMC or IP

@ (1) 2A, (4) 7A, (2) 15A, (3) 25A

@ il require UB PMC or IF
Proprietary protocol

@ (6) 7A, (3) 15A, (1) 25A
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VTT Hardware Architecture
Crew Vetronics Station (CVS)

Providesthe capability for Soldier machine interface

Communicatesto other devicesviathe High Speed Data Bus HSDB (Fibre Channel)
(Fibre Channel) to operatethe vehicle
T&M Bus
(Ethernet)
Data AL316
Video P Control (RS-422) (spare SCSI) Data(RS-232) [ | Speech Processing Module|
Distribution GPP Data (RS-422) m
Unit NTSC/RS-170 IVD el
L T i
6 Video Signals (Left Wing) I
Input From B-Kit — ¥ SPARE
(NTSC) (NTSC/RS-170) NTSC/RS-170 VD (GPP) )l C|‘\a|/1 D \
ter . .
(Left) " ( Provides graphics
. . _ i Graphics (RGB-HV) .
IVD Center Video| o, | Digital Video 1VD Center Video (RGB-HV) — pr ocessi ng
6 Video Signals (Day:NTSC)/ Scaler GDP Graphics (RGB-HV) (
(Night:RS-170) PDPs (RS-232) MFD|
Input From _ M Touch (R5-232) (Right/M )
Cameras NTSC/RS-170 IVD I — OUtpUtS V|ta.|
(NTSERSLT0 (Rigny information critical
Graphics (RGB-HV) ME Sﬁ
NTSC/RS170 | IVD > GDP P PDPs (RS-232)
> (Right Wing) < POPs (R ) e | tothecrewmen
e i
*Vehicle status
Graphics (RGB-HV) (16 a 0
> GDP w PDPs (RS-232) MFDKM ISS|O|'] StatUS, eth
MFD Left Video (RGB-HV) Touch (RS-232) (Center)
Video MFD Center Video (RGB-HV) I L
3 Channels RGB-HV | DIStS:il:tl on SPARE
Video Signals Input // (GDP)
Goc&ss inputsfrom the crewmm < "PDPs (RS252) _
DriveHandle Data (RS-422) GPP P Data (TTL) Switch
Panel
*Foot Pedals
*K eyboard N
i Control (RS-422)
*Switch Panel from 2nd CVS SPARE * This serial port controls the four PDP
buttons located at the top of the right MFD
VERSION 1.6 Dec 13, 1999

Qrforms Build In Self Test and
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VTT Hardware Architecture

CVS GPP

Characterigtic GPP Option #1 GPP Option #2 GPP Option #3
Processor Type Power PC G4 @ 366 M hz |PowerPC 750 @266M hz, Pentium || @ 266MHz
Dram Size 256 Mbyte SDRAM, 64 Mbyte DRAM, 128 Mbyte SDRAM
Cache Size/ Type 2Mbyte L 2 cache, 1 Mbyte L2 cache, 512 Kbyte L2 cache,
Hash Size 48 M byte Flash, 16 Mbyte Flash, 1 Mbyte Flash,
Non-Valitile Memory 32 K NOVRAM, 512K EEPROM, 24 Mbyte Disk on Chip
Ethernet Type 10/100 Base T Fast 10/100 base T
SCSI Type SCSI-2, Ultra SCS, SCSI-2
Serid Interface 4 serial ports, 4 serid ports, 4 serid ports
1/O Support 12 bit discrete |/O mouse, keyboard, floppy pardld port, USB,

&, parald ports, SVGA, IDE
PMC Support 2 PMC sites 2 PMC sites 2 PMC dites
Builtin Test (BIT) Yes Yes Yes
Temperature (-40to 71 degree C) (-50 to 85 degree C) (-40to 71 degree C)
Shock 40 g, half sine11 ms 20 g, hdf snellms 40 g, hdf sne11 ms
Vibration 109, 15t0 2KHz 2g, 10 to 500 Hz 10 g, 15to 2KHz
Unit Cost E<L. $ 14,000.00 | $ 14,943.00 | $ 10,120.00
Ddivery 22 weeks Nno commitrment]
Notes: Selected Regjected Rejected

1) meets dl requirements
2) software legacy

1) Fibre Channel not supported
2) no discrete port
3) mem expansion PMC site only

1) no software legacy
2) no discrete port
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VTT Hardware Architecture

CVS GDP
Characterigtic GDP Option #1 GDP Option #2

Processor Type C-80 processor @40 Mhz C-80 processor @60Mhz
VRAM Sze 8MB AMB
Video Output 2RGB 1 RGB
Output Standard RS-170, RS-343, RS-330 RS-170, RS-343

VESA up to 1600x1200 1600x1280 @76 Hz
Video Input RS-170, RGB, PAL Monochrome, RGB, PAL

NTSC NTSC
Video Overlay Frame grabber, analog Frame grabber, andog
Serid Interface 2RS423 2 RS-423
|/O Support None Keyboard & Mouse (PS2)
Builtin Tes (BIT) Yes Yes
Temperature (-40to 71 degree C) (-50 to 85 degree C)
Shock 40 g, half sne11 ms 209, hdf sanellms
Vibration 109, 15t0 2KHz 29, 10to 500 Hz
Unit Cost ES. $26,860.00 $26,843.00
Ddivery 24 weeks 24 weeks
Notes: Selected: Rejected

Two independent video channels one sngle video channdl
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VTT Hardware Architecture

CVS Chassis
Characterigtic Chassis Option #1 ChassisOption #2| Chassis Option #3
Number of dots 8 dots 7 dots 8dots
VITA 1& 1.1 compliant w/5 row PO, P1, & P2 |yes non-standard PO |yes
|EEE 1101.2 form factor yes yes yes
Configurable back-planeto I/O pand interface  |yes yes yes
Configurable 1/0 pand yes yes yes
28 VDC Input Power yes yes yes
Power Supply 158.5 watt 225 watt 250 watt
Temperature (-40to85degreeC) (-55 to 85 degree C) (-55 to 75 degreeC)
Humidity 0to 100% 0 to 95% 0to 95%
Shock 20g, 11ms, half sine MIL-STD-810E (516.3) {209, 11ms
Vibraion 0.1g2/Hz, 15t0 2000 Hz  |MIL-STD-810E (514) |0.1g2/Hz, 15 to 2000 Hz
Unit Cost Est. $26,500 $29,500 $39,086
Ddivery 24 weeks 26 weeks 26 weeks
Notes: Selected Reected Rejected
meet dl requirements non-standard PO |price

J
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Drive Vetronics Station (DVS)

Provides primary interface between the VTT crewstations and the Drive-By-Wire
Subsystem

HSDB (FDDI or
FC) /_/| Controllers
T&M Bus (Ethernet) /__/ Actudtors .
5-Sot Chassis Position Command (3.1.1.1) Service Brake < Position Status (3.2.2.1) ha
GPP Position Command (3.2.1.1) J I

Position Command (4.1.1.1)

H

|v_v

Position Status (4.2.2.1)
Steering ! J
Position Command (4.2.1.1)
»
Position Command (5.1.1.1) — Position Status (5.2.2.1)
SDARE Transmisson <
Forward/Backward Position Command (5.2.1.1) J
L

GPP,
( ) Position Command (6.1.1.1) Position Status _(6.2.2.1)
Trangmission
- X
Side'Side N\ _Position Command (6.2.1.1)
N

Position Command (7.1.1.1) — - Setus (7221)
_" Throttle I:|
|P4-206 Discrete BIT (3122 8122) : 4]
6 separatelines Engine Shutdown b

1P4-660

Position Command (8.1.1.1) o |
Lol

Executesmobility
commands

IP4-661 |

IP4-661 |

| TEE T

Carrier Card s

< Position Status (8.1.2.1)
< Podsition Status  (7.1.2.1) '_
< Position Status (61.2.1) :
1P4-660 > Position Status (512 1) ;
< Position Status (4.1.2.1) I-
: Podition Statiis (3121) - .'I
e Analog Position  Status
0se Processor 1P4-206: Digita Opto I/O 24 channels
R ifferential channels
Communicates mobility and automotive nels
commands/status with active“ Driver” Jan 6, 1999

Provides BIT and Data L ogging infor mation

VTT Hardware Architecture ﬁ
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VTT Hardware Architecture
Video Distribution Diagram

Providesthe capability to distribute live and ssmulated video from cameras, FLIRS,

and B-Kit to Crew Station |VDs, and M FDs.

VIDEO - RS-422
DISTRIBUTION
UNIT
CVSLMFD , RGBIHV (5) (RGB) MFD: RGB/HV (5)
MFD: RGB/HV. » RGBHV (5) > VD
B-Kit CVS2 MED , RGB/HV (5) © = GDP RGBIHV (5) (Center)
ModSef , RGB/HV (5) g, | not including spares| el
3x4 o
MFD
> GDP RGB/HV (5) Lef)
VIDEO o MFD
DISTRIBUTION GDP RGB/HV (5) > (Center) 1
pported video
(Composite) MFD
LIVD Leftwing, NTSC(1) 4, —>|  (Righ!MAP) f .
— GPP
D B TS (1 ormats.
@ » - )
IVD Left, NTSC (1 VST (Leit Wing)
IVDRi NTSC(D) | )
VD Centes . NTSG (1 VD || Day: NTSC (1) v
er >
—'4‘)_“'3 P ivD || Night: RS170 (1) (Lef)
L VDRear NTSC() NTSC/RS-170 (1)
rscreinG, o and SVGA
(Right)
E@ NTSC (1) NTSC/RS-170 (1)
Win NTSC/RS-170 (1) - VD
> ' '
- N (Right Wing)
DAY
CAM - NTSC (1) NTSC/RS-170 (1)
NTSC/RS-170 (1)
Wing NTSC/RS-170 (1) (Left Wing)
NTSC/RS-170 (1)
IVD
> (Left)
-
> VD
> (Right)
| IVD Day: NTSC (1) o RGB/HV (5)
1VD Night: RS-170 (1) - GDP RGB/HV (5) VD
- ; (Right Wing)
MFD: RGB/HV (5)
|—> MFD: RGB/HV (5) > VD
> GDP RGB/HV (5) Lt (Carten)
| NTsC@
VR GDP RGBIHV (5) VED
NTSC (1 VCR#2 > (Lefy
> MFD
o RS-422 GPP g (Center)
NTSC (1) not including spares MFD
|:| Rear 12x 14 CVS#2 > (Righ'MAP)
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VTT Hardware Architecture

VDU

Characterigic

VDU
Option #1

VDU
Option #2

VDU
Option #3

Switch Matrix 24x26 min
(18x14 NTSC, 6x12 SVGA)

Video formats

Active Switching

Switch Element

Bandwidth

75 ohms|1/O interface

Control

Dimengion (HXWxD)

Power requirement

Mounting

Weight

Temperature

Shock

Vibration

Unit Cogt

Enginesring Cost

Ddivery

32x32

NTSC, RS-170, SVGA
yes

olid gate

DC- 120 MHZ

yes

RS-232, GPIB

4 each, 3.5"x19"'x16"
120VAC

Rack mount

n.a

Oto 70 degree C

n.a

n.a

$15,360.00

8 weeks

0

2X(16x16 NTSC), 8x16 SVGA
NTSC,RS-170,SVGA
yes
solid gate
DC- 125 MHZ
yes
RS-232, RS-422, GPIB
8.72'x19"x20"
120 VAC
rack mount
n.a
0to 60 degree C
n.a
n.a
$10,600.00
0
8 weeks

23x16 NTSC, 6x12 SVGA
NTSC,RS-170, SVGA
no

solid state

DC - 100 MHZ

yes

RS-232, RS-422
8.73'x19"x17"

120 VAC

rack mount

5Ib

0- 60 degree C

$8,000.00
$3,750.00

Notes: All data shown are commerid grade, decison is not find on which vendor

J
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Architecture
evel 1 DFD

VTT Software
Context and

VTT Context Diagram VTT Level 1 DFD
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MFD (6) e P units 3) PDP Data C;mf‘ols& —Sew Subfen PosData PosNav
SPU Ctrl Data ) isplays Data (« ) Att Data 3.0
SPU Status Datag) Y 2.0 NavData / [ PosNavClDaa @)
Voice Gen Data ¢ ) Drive Abort Activated Data< ) — PogNavData (- )
Speech | gimSound Data ) AuxAuto Ctrl Datag ) Ve Graphics Data 4—— Mobity |4 3
B;?&C(eSSPSE)g < Aux Auto Status Data{ ) o ehicle SPU Ctrl Data €—— 7.0
Adjunct Box Voice Gen Data <— Auto Cmd (@) AuxAuto Status Data
Sim Sound Data 4 BitCmd ( ) Auto Status Data (=)
Voice RecData (®) Auto Actuator Ctrl Data® ) Video Ctl Data el pen (o Target List
uto Actuator Ctrl Dat arget Lisf
|
) Auto Actuator Status Data() Actuators Day/Night Curl Data <= Data bosos o) AuxAUto Ctrl Data
Ld osData (-
Error Data f ) C2/SA Data (« ) Att Data (- ) Auto Actuator Ctrl Data
Operator Data ¢ ) NavData (- )

Mass
Memory

WCA Dataq )

C2/Map Datag )
|, Audio Data ()

<

C2 EBC Data (« )

Route Data (® )
Waypoint Data (®)
PogNav Setup Data (®)

C2/Map Data (« ) <

OE
10.0

(Data flow not

Bit Cmd (®)
Bit Rsit Data (=)
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VTT Software Architecture
GOA Model — Application/System Services Layer
CVS (2) C2VS DVS

Subfcn
Surv

Mobility Ctrls
Subfcn

Lethality
Auto Sim

Subfcn

| Subfcn |
DBW

EBC
Mgmt

Power
Mgmt

Data Log Reprog
-
B

N

OEIP OEIP

Physical Resources Physical Resources Physical Resources

J

Reprog

GOA: Generic Open Architecture
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£ GOA Model
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VTT Software Architecture
— System Services Layer & Below (CVS)
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TARDEC Vetronics Architecture - Lessons Learned &

Architectures will evolve, specify to utilize well established open standards.

Focus on interfaces, don’t mandate implementations/products (especially
proprietary).

Don’t be trapped by current hw limitations (provide flexibility where possible).
Provide traceability from APIs to defined system requirements.

Define APIs/middleware to isolate dependencies, ease porting, and delay hw
buys.

Define APIs/middleware to be “thin” in order to map to a variety of
implementations.

Define APlIs/middleware such that they can be replaced by emerging standards as
they mature and are accepted by industry and DoD.

Design APIs for reuse and interoperability (define physical/logical interfaces).
Design APIs for testability (carry through conformance/validation requirements).
Don’t lock into specific paradigms (e.g. patterns, languages, methodologies).

Include industry, academia, and standards bodies to the degree possible when
defining new APIs and/or middleware.
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